Hypertension is the most common risk factor for coronary heart disease and stroke. 1 Hypertension is increasing globally with economic transition and the emerging epidemic of noncommunicable chronic diseases. Blood pressure tracks from adolescence to adulthood 2 and may be partially determined by prenatal and early life environments. 3, 4 Many observational studies, mainly in Western populations, have found an inverse association between birth weight and adult blood pressure. [3] [4] [5] These associations are less clear in non-Western populations, such as in China, South Korea, Brazil, Mexico, India, and Japan. [6] [7] [8] [9] [10] [11] Observational studies are vulnerable to residual confounding, particularly in Western settings where low socioeconomic position (SEP) is usually associated with both low birth weight and higher blood pressure. Ischemic heart disease is more common among men than women, and so it might be expected that birth weight or postnatal growth might have stronger associations with blood pressure among men than women, although there is little evidence on this point.
The Chinese population of Hong Kong is an excellent social laboratory in which to investigate the effect of infant growth on blood pressure. First, there is little social patterning of birth weight. 12 Second, cardiovascular diseases, apart from diabetes, are less prevalent than in Western settings and do not show the usual associations with lower SEP or shorter height, 12 although Hong Kong Chinese children have higher blood pressure than children from America or the rest of China. 13 Third, there are few studies from non-Western populations. Fourth, many studies use analytic methods that do not take into account the interrelationship of growth at each phase, and thus cannot distinguish the role of growth at different phases.
To our knowledge, there is no published, longitudinal study of a substantial size examining the association of growth throughout infancy and childhood with blood pressure including the potentially confounding effects of SEP and pubertal development. Here we assessed the adjusted associations of infant and childhood growth with blood pressure at age ∼11 years from a large population-representative birth cohort of Hong Kong Chinese children by using a method that decomposes growth into components with similar associations with the outcomes. 14 We also assessed whether the associations varied by gender.
METHODS

Source of Data
Hong Kong' s Children of 1997 birth cohort is a population-representative Chinese birth cohort (n = 8327) that covered 88% of all births from April 1, 1997, to May 31, 1997. The study was initially established to investigate the effect of secondhand smoke exposure on infant health. 12, 15 Families were recruited at the first postnatal visit to any of the 49 Maternal and Child Health Centers in Hong Kong, 15 which parents of all newborns are encouraged to attend for free postnatal care, developmental checks, and vaccinations until the age of 5 years. Baseline characteristics were obtained at recruitment by using a self-administered questionnaire in Chinese, which included socioeconomic position, birth weight, gestational age, parity, feeding, and secondhand smoke exposure. Passive follow-up via record linkage was instituted in 2005 to obtain (1) weight and height from birth to 5 years from the Maternal and Child Health Centers (96% success); (2) 12 ; and (4) death records from the Death Registry.
Exposures
Size was considered as z-scores (ie, SD score) for birth weight and for height and BMI at 3 months and the age of blood pressure measurement (∼11 years). Growth was considered as changes in height and BMI z-scores between 3 months and ∼11 years (ie, from 3 to 9 months, 9 months to 3 years, 3 to 7 years, and 7 years to ∼11 years). Age and gender-specific internal z-scores for size at each age considered were calculated from linear regression adjusted for age (in days) and gender as the difference between the child' s measurement (of birth weight, height, or BMI) and the mean divided by the SD. The closest available measurements to 3 months (within 2 to 4 months), 9 months (within 8 to 10 months), 36 months (within 32 to 40 months), and 7 years (within 6.2 and 9.0 years) were used.
Outcome
Systolic and diastolic blood pressure (in mm Hg) were measured routinely, usually at ages 10 and 12 years at the Student Health Service by using standard conditions of position, rest, and appropriate cuff sizes. For children with repeated measurements, the most recent measurement was used.
Missing Data
Few children had all growth measurements. Multiple imputation was used for missing growth measurements, which were predicted based on a flexible additive regression model with predictive mean matching incorporating data on all available blood pressure, 17 weights, heights and BMI, age, gender, parental SEP (education, occupation, household income, housing type), birth order, secondhand smoking exposure, breast feeding and pubertal status at ∼11 years. 18, 19 We imputed missing exposures and confounders, and analyzed the 10 imputed datasets separately. We averaged the estimated b-coefficients. We obtained confidence intervals for each of the 10 datasets by using bootstrapping with 100 iterations and combined them adjusted for missing data uncertainty. 20 
Potential Confounders
Potential confounders considered, categorized as in Table 1 , were gender, age at blood pressure measurement, pubertal status at blood pressure measurement, secondhand smoking exposure, 21 breastfeeding, 22 gestational age, and highest parental education. To illustrate the role of potential confounders, Model 1 adjusted for age at blood pressure measurement, and model 2 also adjusted for pubertal status, secondhand smoking, breastfeeding, gestational age, and highest parental education.
Statistical Analysis
Choice of an appropriate method to assess associations of size and growth at different phases with health outcomes can be problematic. Traditional regression methods, such as ordinary least squares, using multiple measures of growth and size as exposures, are inappropriate because size and growth are highly collinear. Current size is relevant but including current size in a traditional regression model effectively makes comparisons between children of the same current size and thereby makes the unrealistic assumption that all children are destined to be the same current size regardless of their starting size or other factors, such as genetic inheritance. Collapsing size and growth into distinct growth trajectories enables the use of traditional regression methods. Growth trajectories can be a very valuable approach; however, the creation of growth trajectories is essentially data driven and may not generate growth trajectories relevant to the research question. Here we specifically wanted to examine the role of early growth regardless of whether it was preceded or followed by fast or slow growth, when such varying trajectories would not necessarily be generated by a datadriven process. In contrast partial least squares (PLS) regression allows the simultaneous consideration of size and growth at different phases without imposing essentially arbitrary growth trajectories. 14 PLS regression decomposes exposures into components that have similar associations with the outcomes, thus making it possible to distinguish the effects of size and growth at different ages even though these are highly collinear. 14 PLS regression was used to assess the associations of size and growth with systolic and diastolic blood pressure at age ∼11 years, adjusted for confounders. The number of components used in the PLS models were selected by using leave-one-out cross validation based on the variance explained (estimated from the root mean squared error of prediction of each model of increasing number of components). 23 The number of components was chosen to ensure that the estimates for the confounders stabilized and additional components made little difference to the variance explained. On this basis, we used 6 PLS components for model 1 and 7 components for model 2 to ensure full adjustment for potential confounders without including additional components which did not increase the variance explained. Figure 1 shows plots of variance explained against the number of components for each model. We also examined whether associations of size and growth with blood pressure varied by gender from the heterogeneity across strata. Initial analysis showed differences by gender for some aspects of size and growth but not others, so we present analysis both stratified by gender and adjusted for gender. As a sensitivity analysis, we repeated the analyses using a complete case analysis on unimputed data (n = 1893).
Statistical analyses were performed by using R version 2.3.1 and specifically the "pls" package 23 for the PLS analysis (R Development Core Team, Vienna, Austria) and Stata version 9.0 statistical software (Stata Corp, College Station, TX).
RESULTS
Of the original 8327 cohort members as of August 31, 2011, 26 had withdrawn from the study. A further 59 had unknown gestational age, leaving 8242 from which 433 preterm births (5.3%) were excluded. Of the remaining 7809, 5813 (74% follow-up) (2786 girls and 3027 boys) had valid blood pressure measurements available. Among the term births, the 5813 included were similar to the 1996 excluded with respect to gestational age, birth weight, breastfeeding, secondhand smoking exposure, and family socioeconomic position (all Cohen effect sizes ,0.2). 24 Mean systolic blood pressure was 102 mm Hg and mean diastolic was 58 mm Hg in girls and boys. Table 1 shows girls grew slower at infancy and from 7 years to 11 years, and faster from 3 years to 7 years than boys. Higher ARTICLE gestational age was associated with higher birth weight and greater height at 3 months, but also with slightly lower height growth subsequently. Higher parental education was associated with lower birth weight z-score, likely because higher parental education is associated with Hong Kong-born mothers and first-born children. 25, 26 Higher parental education was not clearly and consistently associated with BMI or height growth. Children who were exclusively breastfed had greater length z-score at 3 months, had slower height growth in infancy but faster height growth at 3 to 7 years. As would be expected, breastfeeding was associated with a slightly different pattern of early BMI growth but not with childhood BMI growth. 22 Faster BMI and height growth was associated with earlier pubertal development. 27 Paternal smoking and maternal smoking were associated with higher BMI zscore at 11 years, and faster growth from 7 to 11 years. 21 Table 2 shows estimates of the contribution of growth to systolic blood pressure. Birth weight z-score was negatively associated with systolic blood pressure, particularly among girls, although this was attenuated in model 2. Greater length at 3 months was positively associated with systolic blood pressure in girls, as was faster BMI growth from 9 months onward. Greater height growth at 7 to 11 years and concurrent BMI and height z-score at ∼11 years were all associated with higher systolic blood pressure at ∼11 years in both genders, with similar associations in both models. Table 3 shows estimates of the contribution of growth to diastolic blood pressure. Birth weight z-score was not 
FIGURE 1
Cross-validated root mean squared error of prediction (RMSEP) curves.
associated with early adolescent diastolic blood pressure. Only one measure of infant growth, greater length at 3 months, was positively associated with diastolic blood pressure. Concurrent BMI and height z-score at ∼11 years were positively associated with diastolic blood pressure at ∼11 years.
A complete case analysis produced similar results (see Appendix 1 and 2).
DISCUSSION
In a large, prospective, populationrepresentative, non-Western birth cohort with 74% follow-up (5813) from a rarely studied population of Chinese girls and boys, we found that greater linear and BMI growth at 7 to 11 years and current height and BMI were positively associated with systolic blood pressure at ∼11 years, whereas concurrent BMI and height were positively associated with diastolic blood pressure. There was also a small negative contribution of prenatal growth (birth weight) to systolic blood pressure, which was attenuated by adjusting for gestational age, socioeconomic status, breastfeeding, pubertal status, and secondhand smoke exposure. Our study adds by demonstrating this in a setting in which there was little association of socioeconomic position with birth weight or height (Table 1) .
Our findings are not inconsistent with previous studies in adults suggesting that higher birth weight is associated with lower systolic blood pressure by a small amount (0.4 mm Hg per SD of birth weight ∼395g). 3 Our findings are also consistent with several studies showing that faster childhood growth and larger size are associated with higher blood pressure. 4, 28 Our study adds by clarifying that rapid infant growth is not of itself protective, and that faster linear growth particularly in late childhood (7-11 years) is associated with higher blood pressure. Consistent with our findings, others have shown that greater growth in ARTICLE childhood has a more substantial effect on blood pressure than infant growth. 14, 29, 30 Overall, our findings suggest both linear and volume growth in later childhood is more important than prenatal growth (as proxied by birth weight) to adolescent systolic blood pressure and that linear growth in later childhood is the strongest predictor of adolescent diastolic blood pressure. Although, the positive association of current body size (height and BMI) with blood pressure may be interpreted as the cumulative impact of growth. As such, these findings suggest that prenatal exposures do not themselves play a major role in determining adolescent blood pressure; however, these observations are not inconsistent with the fetal origins hypothesis 31 in which prenatal exposures may "set the scene" for hypertension in later life. The long-term effects of lower birth weight might not be actuated until after early adolescence, for example the vulnerabilities associated with lower birth weight might only be unmasked by the demands of very rapid pubertal growth, or later in life by the aging process.
Despite our large populationrepresentative prospective study with little socioeconomic patterning of size or growth ( adiposity, which is also associated with more rapid previous growth 37 and with higher blood pressure. However, we also found some positive contributions of linear growth in late childhood (7-11 years), which suggests factors beyond adiposity. As such, these findings could be consistent with our previous suggestion that environmentally enabled upregulation of the axes driving growth may be inexorably contributing to the epidemic of noncommunicable chronic diseases in non-Western settings. 38 Of course, these are multifactorial determinants that require further elucidation.
CONCLUSIONS
Overall our large, prospective study from a developed non-Western setting with relatively little socioeconomic patterning of size or growth suggests that birth weight and infant growth have limited impacts on early adolescent blood pressure, which is more strongly related to recent growth and current size. Given that blood pressure tracks from adolescence into adulthood, 2 the potential adverse cardiovascular effects of overnutrition should be considered. Later childhood, in particular 7 to 11 years, may be a key window in which to focus public health strategies aiming to reduce overweight and obesity with corresponding effects on blood pressure with potential lifelong implications for reducing cardiovascular risk.
